Anise [Pimpinella anisum L.; Umbelliferae] has been used as a popular aromatic herb and spice since antiquity, and is cultivated throughout Europe.
Anise [Pimpinella anisum L.; Umbelliferae] has been used as a popular aromatic herb and spice since antiquity, and is cultivated throughout Europe. 1, 2) Its fruit has been used for medicine and in cooking, and is listed in British, German and European pharmacopoeia. [2] [3] [4] For medicinal purposes, it is used to treat dyspeptic complaints and catarrh of the respiratory tract, and also as a mild expectorant. 1, 2) Studies on the fruit were made on the essential oil (1.5-5%), and transanethole (80-90%) is chiefly responsible for the taste and smell. Also, cis-anethole, estragole, p-anisaldehyde, anisketone, linalool and b-farnesene were reported as the constituents. [5] [6] [7] However, no report has been published concerning the water-soluble portion of this fruit. In continuation of our studies on the water-soluble constituents of spices, 8) and to learn the relationship between the essential oil and the water-soluble constituents, we undertook a detailed investigation of the constituents of this fruit. In this paper, we discuss the isolation and the characterization of twelve new glycosides of phenylpropanoid related to anethole.
Commercial anise was extracted with 70% methanol, and the methanolic extract was suspended in water and successively extracted with ether and ethyl acetate. The aqueous layer was chromatographed on Amberlite XAD-II to give water and methanol eluate fractions. The methanol eluate fraction was chromatographed on Sephadex LH-20, and subjected to a combination of silica gel, Lobar RP-8 column chromatography and HPLC to isolate phenylpropanoids (1, 2 and 13) and their glucosides (3 to 12 and 14 to 20). Among the glucosides, 5 to 9, 11, 12, 14 to 17 and 20 are new. All new glucosides described in this paper were b-D-glucopyranosides as shown by their 13 C-NMR data ( Tables  1, 2 ) of 5 and 6 showed that both compounds were monoglucopyranosides of 2, and the position of the b-glucosyl units was proved to be C-2Ј from the cross-peaks between the glucosyl H-1/C-2Ј in the heteronuclear multiple bond connectivity (HMBC) spectrum. Thus, 5 and 6 were represented as (Ϫ)-and (ϩ)-threo-anethole glycol 2Ј-O-b-D-glucopyranoside. As the 1RЈ,2RЈ form of threo-anethole glycol was reported to have a negative [a] D value, and the 1SЈ,2SЈ form of threo-anethole glycol had a positive [a] D value, 13 ) the absolute stereochemistry of C-1Ј and C-2Ј of (Ϫ)-threo-anethole glycol should be R, and that of (ϩ)-threo-anethole glycol should be S. Furthermore, the absolute configurations at C-2Ј of 5 and 6 were confirmed to be R and S by the values of the glycosylation shift of the a-carbon (5; ϩ8.5 ppm, 6; ϩ11. Ϫ38°) showed one peak on HPLC, but it was suggested to be an equivalent mixture of two diastereomeric compounds from NMR spectral data (Tables 1, 2 C-NMR data suggested that 7 was built up with one b-glucopyranosyl group and one 1Ј-(4-hydroxyphenyl)propane-1Ј,2Ј-diol moiety. Enzymatic hydrolysis of 7 gave D-glucose and an aglycone (21; C 9 H 12 O 3 , an amorphous powder, [a] D 22 Ϯ0°) which was characterized as 1Ј-(4-hydroxyphenyl)propane-1Ј,2Ј-diol, and the position of the b-glucosyl unit was proved to be C-4 from the HMBC correlation of the glucosyl H-1/C-4. By comparison of the H-1Ј, H-2Ј, H-3Ј and C-1Ј, C-2Ј, C-3Ј chemical shifts with those of 1 and 2 (Tables 1, 2) , 7 was suggested to be an erythro form as 1. Therefore, 7 is an equivalent mixture of two stereoisomeric erythro-1Ј- (4- (Tables 1, 2 ) and the results of HMBC experiment showed that they were 2Ј-O-b-glucopyranoside of 1Ј-(4-hydroxyphenyl)propane-1Ј,2Ј-diol. The stereochemical relation between C-1Ј and C-2Ј of the two compounds was deduced from comparison of their 1 H-and 13 C-NMR spectra with those of stereoisomeric pairs of anethole glycol (3 to 6; Tables 1, 2 ). As the chemical shifts of the aglycone parts (H-2,6, H-1Ј, H-2Ј, H 3 -3Ј, C-1, C-2,6, C-1Ј, C-2Ј, C-3Ј) of 8 showed good similarity with those of 3, and 9 revealed similarity with those of 4, 8 was suggested to be an erythro form with the 1ЈR,2ЈS configuration [(Ϫ) form] and 9 was indicated to be an erythro form with the 1ЈS,2ЈR configuration C-NMR spectra of 17 (Tables 1, 2) showed good similarity with those of 15 except for having one more methoxyl proton and a carbon signal, 17 was indicated to be a mono-methylate of 15. It was supported by the observed cross-peak between the methoxyl group proton and the C-4 carbon of the benzene ring in its HMBC spectrum. The cross-peak between the glucosyl H-1 and C-3Ј carbon in the HMBC spectrum, and comparison of the chemical shifts and the coupling constants of H-1Ј, H-2Ј, H 2 -3Ј, and chemical shifts of C-1Ј, C-2Ј, C-3Ј between 24 and 13 (Tables 1, 2) also supported this conclusion. Therefore, 17 was characterized as (1ЈR,2ЈR)- The ingredient relationship between the essential oil and the water-soluble constituent was confirmed by the isolation of these anethole glycol glucosides. It is worthy of note that, in anise fruit, oxidation of the propenyl double bond of anethole may proceed by a non-stereospecific route.
Experimental
Melting points were determined on a Yanagimoto micromelting point apparatus and are uncorrected. Optical rotations were measured on a JASCO DIP-370 digital polarimeter. FAB-MS were recorded with a JEOL HX-110 spectrometer using glycerol as matrix. 1 H-and 13 C-NMR spectra were taken on JEOL JNM GX-270 and A-500 spectrometers with tetramethylsilane as an internal standard, and chemical shifts were recorded in d value. 1 H-13 C correlation spectroscopy (COSY), HMBC and nuclear Overhauser effect spectroscopy (NOESY) spectra were obtained with the usual pulse sequence, and data processing was performed with standard JEOL software. Column chromatography (C. C.) was carried out under TLC monitoring using Kieselgel 60 (70-230 mesh, Merck), Sephadex LH-20 (25-100 mm, Pharmacia), Lobar RP-8 column (Merck) and Amberlite XAD-II (Organo). TLC was performed on silica gel (Merck 5721) and spots were detected with panisaldehyde-H 2 SO 4 reagent. HPLC separation was carried out on a JASCO chromatograph (980-system) with a JASCO RI-930 detector, and Symmetryprep C18 7 mm [Waters; column size, 7.8ϫ300 mm; ODS], Carbohydrate analysis [Waters; column size, 3.9ϫ300 mm; CHA] were used as columns.
Extraction and Isolation Commercial anise (the fruit of Pimpinella anisum L.; purchased from Asaoka Spices, Ltd., Lot. No. 99012001; 2.0 kg) was extracted with 70% methanol (5 lϫ4) at room temperature for two weeks. After evaporation of the solvent, the residue (346.7 g) was partitioned into ether-water and ethyl acetate-water. Removal of the solvent from each phase gave the ether (145.3 g), ethyl acetate (7.5 g) and aqueous (193.9 g) extract. The aqueous extract was chromatographed over Amberlite XAD-II (H 2 O→MeOH). The methanol eluate (52. Fig. 1. Structures of 1-24, 2a, 2b, Table 2 . HMBC correlations: H-2/C-3, C-4, C-6, C-1Ј; H-3/C-1, C-4, C-5; H-5/C-1, C-3, C-4; H-6/C-2, C-4, C-5, C-1Ј; H-1Ј/C-1, C-2, C-6, C-2Ј; H-2Ј/C-1, C-1Ј, Glc-1; H-3Ј/C-1Ј, C-2Ј; O-CH 3 /C-4; Glc-1/C-2Ј.
Enzymatic Hydrolysis of 6 A mixture of 6 (3 mg) and b-glucosidase (3 mg) in water (5 ml) was shaken in a water bath at 37°C for 2 d. The mixture was treated in the same way described for 5 to afford 2b (1 mg) and a sugar fraction. Table 2 . HMBC correlations: H-2/C-4, C-6, C-1Ј; H-3/C-1, C-4, C-5; H-5/C-1, C-3, C-4; H-6/C-2, C-4, C-1Ј; H-1Ј/C-2, C-6, C-2Ј, C-3Ј; H-2Ј/C-1, Glc-1; H-3Ј/C-1Ј, C-2Ј; Glc-1/C-2Ј.
Enzymatic Hydrolysis of 11 A mixture of 11 (6 mg) and b-glucosidase (5 mg) in water (5 ml) was shaken in a water bath at 37°C for 2 d. The mixture was treated in the same way described for 7 to afford 22a (3 mg) and a sugar fraction. From the sugar fraction, the presence of D-glucose was revealed as 5. (1R,2R)-1-(4-Hydroxyphynyl)propane-1,2-diol (22a Table 2 . HMBC correlations: H-2/C-4, C-6, C-1Ј; H-3/C-1, C-4, C-5; H-5/C-1, C-3, C-4; H-6/C-2, C-4, C-1Ј; H-1Ј/C-1, C-2, C-6, C-2Ј, C-3Ј; H-2Ј/C-1, C-1Ј, Glc-1; H-3Ј/C-1Ј, C-2Ј; Glc-1/C-2Ј.
Enzymatic Hydrolysis of 12 A mixture of 12 (5 mg) and b-glucosidase (5 mg) in water (5 ml) was shaken in a water bath at 37°C for 2 d. The mixture was treated in the same way described for 7 to afford 22b (3 mg) and a sugar fraction. From the sugar fraction, the presence of D-glucose was revealed as 5.
( Table 2 . HMBC correlations: H-2/C-1, C-3, C-4, C-6, C-1Ј; H-5/C-1, C-3, C-4; H-6/C-2, C-4, C-1Ј; H-1Ј/C-1, C-2, C-6, C-2Ј, C-3Ј; H-2Ј/C-1, C-1Ј, C-3Ј; H-3Јa/C-1Ј, C-2Ј, Glc-1; H-3Јb/C-1Ј, C-2Ј, Glc-1; O-CH 3 /C-3; Glc-1/C-3Ј.
Enzymatic Hydrolysis of 15 A mixture of 15 (13 mg) and b-glucosidase (5 mg) in water (5 ml) was shaken in a water bath at 37°C for 5 d. The mixture was treated in the same way described for 7 to afford 13 (3 mg) and a sugar fraction. From the sugar fraction, the presence of D-glucose was revealed as 5.
( Table 2 . HMBC correlations: H-2/C-4, C-6, C-1Ј; H-3/C-1, C-4, C-5; H-5/C-1, C-3, C-4; H-6/C-2, C-4, C-1Ј; H-1Ј/C-1, C-2, C-6, C-3Ј; H-2Ј/C-1; H-3Ј/C-1Ј, C-2Ј; Glc-1/C-4.
